Background/Objectives: Self-reported food records are commonly used to estimate dietary intake. However, diet diaries are time consuming for participants and children are often unfamiliar with standard portion sizes or weights/volume of foods that can add to the error associated with self-reported intake. We hypothesize that photographic food records to assess dietary intake will be as accurate as a standard food diary and will decrease participant/family burden. Subjects/Methods: A total of 28 healthy subjects, 10-16 years, consumed a weighed diet for 3 days and returned any uneaten items for weigh back on day 4. During the 3 days of weighed diet, subjects recorded all intake both using a standard diet diary and taking photographs before and after consumption. Photographs were analyzed by two independent dieticians for estimation of serving size. The actual amount consumed was compared to the diary and photographic estimates through Spearman's correlation coefficients and confidence intervals. Results: There was no difference between the diet diary and photographic estimates of total energy, carbohydrate, fat, protein, fiber, vitamins A, D and E, calcium, iron or zinc compared to actual intake. However, both participants and their parents reported that the photographic method was quicker, simpler and would be preferred if they were to record dietary intake in the future. In this study cohort, 36% of subjects accurately reported actual daily energy intake ( ± 5% of actual intake), only 29% underreported energy intake and 35% overreported energy intake. Conclusions: Photographic food records can be used to accurately estimate dietary intake in a pediatric population. In addition, this method is less burdensome for the participants and their family. Keywords: diet record; dietary intake; self-report; photograph; underreporting; calories
Introduction
Food intake and the over-or undersupply of specific nutrients have been linked to various diseases such as obesity, type II diabetes, cardiovascular disease, celiac disease and failure to thrive particularly in children (Romieu and Trenga, 2001; Dror and Allen, 2008; Mangione and Patel, 2008; Salas-Salvadó et al., 2008; Virtanen et al., 2008; Symonds, 2009) . It is well known that dietary intake information can be difficult to collect from study subjects (Goldbohm et al., 1995; Rockett et al., 2003) . However, when undertaking long-term dietary intervention studies, it is important to ensure that free-living subjects are adhering to the prescribed study diet (Scheen, 2008) . Noncompliance can confound the results of such studies that are laborious and expensive to conduct. Food diaries, food frequency questionnaires, random 24-h dietary recalls and weighed food records are all common methods of obtaining dietary intake data. Selfreporting is riddled with limitations, including the timeconsuming nature of the task, inaccuracies stemming from the fact that the person is not objective, error in estimates of portion size and the fact that the more days of intake a subject records, the less accurate the data become (Dwyer et al., 1987; Medlin and Skinner, 1988; Thompson and Byers, 1994) . Studies using doubly labeled water have shown that underreporting of food intake is a common problem for all self-report methods (Aronoff et al., 2000; Kaczkowski et al., 2000; Black and Cole, 2001; Goris et al., 2001) . Estimates from these studies show that subjects routinely underreport their caloric intake by 20-50% (Haraldsdottir and Hermansen, 1995; Kroke et al., 1999; Kaczkowski et al., 2000; Livingstone and Robson, 2000) .
In addition to the traditional drawbacks of self-reported dietary intake, collecting this data in a pediatric population adds further complexity. Children and adolescents have not yet developed the memory skills of adults, so, if foods are not recorded immediately, they may forget what they ate (Haraldsdottir and Hermansen, 1995; Rockett and Colditz, 1997; Livingstone and Robson, 2000) . It is also challenging to estimate portion sizes as children are not familiar with common household measures and food preparation. Thus, a tool that does not rely solely on self-reported food intake could improve accuracy over standard self-report methods to assess dietary intake in this population and may reduce subject/family burden.
Preliminary studies in adults have validated the use of photographic diet records using digital cameras in dietary intake reporting. Two studies have attempted to validate the use of photographic recording as a method of assessing dietary intake in adults (Kaczkowski et al., 2000; Wang et al., 2002) . This method seems well suited for pediatric studies as it would considerably decrease the reporting burden for children and their parents and may increase the accuracy of collected data. Therefore, we aimed to validate the photographic food record method in children. Specifically, the present study aimed to determine the accuracy of a standard 3-day food diary versus a photographic 3-day food record with respect to actual intake of total calories, carbohydrate, fat, protein, dietary fiber, vitamins A, D and E, calcium, iron and zinc.
Subjects and experimental methods

Subjects
This study was approved by the Colorado Multiple Institution Review Board, in compliance with the Helsinki Declaration Principles, and full written assent and consent was obtained from all subjects and their parent or legal guardian, respectively. Healthy children (30; 15 male and 15 female) were recruited with 28 participants (14 male, 14 female) completing the study. Subjects were recruited by posting flyers throughout the community and campus-wide email advertisements at The Children's Hospital, University of Colorado Denver, and the University of Colorado Hospital. All subjects either directly responded to a flyer that they had seen or contacted us after a parent/guardian passed along the email advertisement. Subjects were not recruited from any Children's Hospital clinic. Any subject with a chronic illness was excluded from the study. Subjects were required to be between 10 and 16 years of age and 80-130% of ideal body weight (%IBW). The study population was deliberately kept broad to broaden the applicability of study data to a general pediatric population. Subjects were screened for eating disorders using the EAT-26 questionnaire. Any candidate with a history of an eating disorder or psychological illness, who was currently on a weight loss plan or who had completed a diet diary in the past was excluded from participation.
Diet
The study was conducted on an outpatient, free-living basis. On the initial study visit, participants received a 3-day weighed metabolic diet from the Adult General Clinical Research Center metabolic kitchen. The 3-day diet, designed using ProNutra software, was based on the subject's food preferences and daily energy needs as estimated from height and weight through the Schofield equation. A variety of different meals and foods were used in the diets so that the dieticians evaluating the photographs would not become familiar with foods or serving sizes during analysis. Therefore, the macronutrient composition of the diets varied from subject to subject.
Each subject received approximately 125% of daily energy needs. Breakfast, lunch and dinner meals accounted for 30, 30 and 30% of total energy needs, respectively. A bag of snack items, accounting for 30-35% of total energy intake was also included in the outpatient diet (Appendix Table A1 ). The provided snacks were modular in nature (that is, preprepared and packaged, such as yogurt, cookies, pieces of fruit, mini chocolate bars, bags of chips, juice boxes, soft drink cans). This approach was employed to mimic a freeliving situation in which dietary intake fluctuates daily depending on activity, mood and so on. Subjects returned all partially consumed and unopened food items on day 4. These items were weighed and subtracted from the amounts dispensed to calculate actual intake.
The weighed, metabolic diet served as the 'gold standard' for dietary intake as the exact composition of the diet was known thereby facilitating comparison of this 'gold standard' to estimates of total energy intake, macronutrient intake and select micronutrients intake from the 3-day diet diary and photographic recording methods. The targeted nutrients are macronutrients and total dietary fiber that are the commonly requested outcome variables for diet studies at the Pediatric CTRC. In addition, select micronutrients of particular relevance to children in the United States and around the world were included in the analysis. For example, vitamin A deficiency is estimated to effect over 127 million school-aged children worldwide and vitamin D deficiency is increasing in prevalence despite food fortification, even in first world countries, such as the Unites States, Canada and Finland.
Recording food intake
At the initial study visit, participants and their parent/s were instructed on how to keep a 3-day food record in detail, as is done routinely by the Pediatric CTRC Nutrition staff. Parents were encouraged to help their children with recording, if possible, or at least review the diaries once per day and clarify any missing/incomplete entries. This instruction included verbal and detailed written information and reference guides on how to estimate portion sizes and record in sufficient detail to obtain an accurate estimate of dietary intake. Subjects were instructed to record food items, in as much detail as possible, in a blank food diary. Each food item was recorded on a single line indicating the time of day, brand, amount consumed and preparation style. Any mixed foods were broken down to individual food items to be recorded one per line (for example, for a turkey sandwich, one line would be dedicated to each ingredient: (1) turkey, (2) bread, (3) mayonnaise, (4) cheese, (5) lettuce, (6) tomato, (7) mustard, etc). Materials that were provided to estimate the amount consumed included estimates based on the size of golf balls, baseballs, a deck of cards and other commonplace items that children might be familiar with. In addition, materials with full-size illustrations of a teaspoon, tablespoon and cups were provided. Both fully complete and inadequate diet diary examples were provided to each participant with a discussion about what was missing and how the inadequate diary could be improved and completed. The participant was also given disposable cameras and asked to take a picture of all food before eating and again after they had finished eating. Verbal instructions and a demonstration as well as a reference guide with precise instructions on how to take adequate photographs (451 angle to get an idea of depth of foods, ensure that food fills the entire the frame of the photograph and so on) were given to all subjects.
At the follow-up visit on day 4, participants returned the cameras, diet diary and all unfinished food items. At this appointment, the study coordinator reviewed all diet diary entries and gained any necessary clarification from subjects. In addition, the participants and their parents or legal guardians completed a questionnaire that asked which method of recording food intake was the least time consuming, was the simplest/easiest to complete and which method they would chose if they were asked to record dietary intake in the future (Appendix Table A2 ).
Analysis of food records
Images from cameras were coded by the study coordinator and provided to the dieticians on CD. The coding placed photographs in before and after consumption pairs but randomized according to subject, meal and day (1, 2 or 3) so that the dieticians were blinded. Reliability was assessed by having two independent dieticians assess each photographic food record (Table 1) . Two research dieticians analyzed all digital photographs independently at study completion and entered food and portion estimates into separate databases. These dieticians were separate from those who designed the outpatient diets and, as such, had no prior exposure to the foods or serving sizes dispensed to subjects. Some uniform assumptions were made by the dieticians during photograph assessment. If a before consumption photo was present with no after consumption photo, it was assumed that all food pictured was fully consumed. If no before or after meal photos were provided, no data were entered and the meal/ snack was effectively missing from the dietician's records. For foods/beverages in opaque containers such as soft drink cans, juice boxes or yogurt, participants were instructed to turn the container upside down if the item was fully consumed. If the container was not turned upside down in the after consumption photograph, it was assumed that half of the item was consumed.
All dietary information from the photo estimation databases and the original, coded diet diaries were entered into the food analysis program Nutrient Data System for Research (NDS-R; version 5.0_35, 2006, Nutrition Coordinating Center, University of Minnesota, Minneapolis, Minnesota) by a single, trained operator. This acts to reduce variation due to data entry at the post-analysis stage. Thus, any inter-or intra-dietitian variability was solely due to the estimation of dietary intake from photographs rather than operator differences in NDS-R. NDS-R was used to calculate the total daily intake of common nutrients that are important in the pediatric population: total energy intake; carbohydrate, fat and protein intake; vitamin A, D and E intake; total fiber intake; and calcium, iron and zinc intake. Blalock (1972) . Further, diet diary or photographic estimates were grouped into three categories: less than À5, ± 5 and more than þ 5% of actual intake. Marginal homogeneity of these categories was tested between diet diary and photographic estimates using the Stuart-Maxwell test.
Results
As a group, subjects were 12.6 ± 2.0 years of age, 1.56 ± 0.12 m tall, 50.5 ± 15.7 kg weight and were 98 ± 17 %IBW (mean±s.d.).
There was no difference between the diary and photographic estimates of total calories (Figure 1a) , carbohydrate (Figure 1b) , fat (Figure 1c) , protein (Figure 1d ), dietary fiber, vitamins A, D and E, calcium, iron or zinc compared to actual intake (Table 1 ). In addition, interobserver reliability between the two analyzing dieticians was good to excellent for all measures (0.75-0.92 in ICC) except for vitamin A (0.25 in ICC).
Subjects took an average of average of 30 ± 1.5 photographs to completely record 3 days of food intake. Fourteen subjects (50%) missed one or more photos over the 3-day recording period. On average, these subjects missed 8 ± 2% of photographs.
Both participants and their parents reported that the photographic method was quicker, simpler and would be the preferred method if they were to record dietary intake in the future. Among study participants, 96% reported that the photographic method was quicker and 89% reported that it was simpler and easier to complete than the food diary (95% CI ¼ 82-100 and 72-98, respectively). Among parents/legal guardians, 100% reported that the photographic method was quicker and easier to complete than the food diary (95% CI ¼ 83-100). In addition, 86% of participants and 70% of parents/legal guardians stated that they would prefer to use the photographic method if they were to complete a food record in the future (95% CI ¼ 67-96 and 62-97, respectively). The commonly cited reason for those participants and parents who would prefer to use the diet diary in the future was that they thought it might be more accurate than the photographic method.
A diet diary estimate that was ±5% of actual intake was deemed to be accurate. Diet diary estimates that were less than À5% of actual intake were considered to have underreported whereas diary estimates more than þ 5% of actual intake were considered as overreporters. According to diet diary data, 36% of subjects accurately reported actual daily caloric intake (Table 2) . Only 29% of participants in this cohort underreported energy intake whereas 35% of subjects overreported actual energy intake. Of note is the fact that fat intake is the parameter least impacted by underreporting as only 18% of participants underreported actual fat intake whereas 57% of subjects underreported carbohydrate intake (Table 2) . Conversely, among overreporters, 72% overestimated fat intake whereas only 32% overestimated carbohydrate intake.
On average, subjects underreported total energy intake by 449 ± 22 kcal per day or 16 ± 2% of intake whereas overreporters misestimated intake by 663±103 kcal per day or 31 ± 5%. Female participants were twice as likely to underreport total energy intake as male participants. Both sexes were equally likely to overreport energy intake. When actual intake was divided into the highest and lowest half of calories, total daily energy intake had no effect on under- reporting (4/14 or 29% of subjects per group) but significantly impacted the frequency of overreporting. That is, subjects in the highest half of energy intake were four times as likely to overreport intake as those in the lower half. Only 2 of 14 subjects (14%) from the lowest half of energy intake overreported intake compared to 8 subjects (57%) in the highest half of energy intake.
Discussion
The data from this study show that photographic food records can be used to estimate dietary intake in a pediatric population. Although photographic food records offer no advantage in accuracy compared to diet diaries, they are more convenient and less burdensome for subjects and their families. The opportunity to gather data that is not significantly different from a standard diet diary but is more convenient for participants is an important advance, particularly for research involving children with severe disease such as autism or a brain tumor. For these patients, whose clinical care is often time consuming and complicated, completing a diet diary can be especially burdensome and frustrating. In this study, 14 subjects (50%) did not fully complete their photographic food records. That is, they had missing photos. This was either because they forgot to carry their camera with them at all times or because they forgot to take one of the before or after consumption photographs. This is a limitation of this method, which may increase variability. However, those subjects that forgot to carry their cameras at all times also forgot to carry their diet diaries so both methods suffer from this drawback. The advantage of the diet diary is that foods can be recorded in retrospect which, although not ideal due to increases in misreporting under these circumstances (Dwyer et al., 1987; Kaczkowski et al., 2000; Black and Cole, 2001; Goris et al., 2001) , is not possible with the photographic method. Therefore, it would be advantageous to issue instruction on portion sizes and standard recording methods when beginning a photographic food record so that foods could be recorded on paper or later in the day if subjects forget to take photographs.
In this pediatric study cohort, applying a ± 5% limit of actual intake for accurate reporting, 36% of subjects accurately reported actual daily caloric intake, 29% underreported caloric intake and 35% overreported caloric intake. On average, underreporters reported consuming 449 ± 22 kJ per day (16±2%) less than actual intake whereas overreporters reported consuming 663 ± 103 kJ per day (31 ± 5%) more than actual intake. Overreporting of total energy may be greater in magnitude than underreporting because most underreporters underestimated carbohydrate intake whereas overreporters overestimated fat intake ( Table 2 ). As fat is more calorically dense than carbohydrate, an inaccurate estimate of fat intake will have a greater impact on agreement with actual intake than inaccurate estimation of carbohydrate consumption. In addition, overreporting total energy intake was associated with higher actual energy intake.
The phenomenon of selective underreporting has also been observed in elderly men and women (Goris et al., 2001) . In this population, underreporting was associated with underreporting fat intake while overreporting protein intake. In contrast, in the population used in the current study, underreporting was associated with selective underreporting of carbohydrates rather fat. This may, in part, explain why the magnitude of underreporting in this study was lower than that observed previously.
The rate and magnitude of underreporting observed in this study is much lower than that reported in the adult literature (Aronoff et al., 2000; Black and Cole, 2001; Goris et al., 2001) or previous pediatric studies (Haraldsdottir and Hermansen, 1995; Livingstone and Robson, 2000) . The young age of our study subjects could, in part, account for the low rate of underreporting as it has been observed that younger children are less 17.9 (6-37) 67.9 (48-84) 10.7 (2-28) 23.1 (16-52) 57.1 (37-76) Data presented as percent of subjects with 95% CI shown in parentheses. A diet diary or photographic food record estimate of intake was deemed accurate if it was ± 5% of actual intake. All estimates less than À5% of actual intake were classified as underestimates (designated as Under). All estimates more than þ 5% of actual intake were classified as overestimates (designated as Over).
likely to underreport dietary intake (Bandini et al., 1997; Livingstone et al., 2004) . As children get older, however, the rate of underreporting increases. Among adolescents, the rate of underreporting varies greatly, from 12 to 60% (Lindquist et al., 2000; Livingstone and Robson, 2000; Livingstone et al., 2004) . In corroboration with previous studies in pediatric populations, it was observed that female participants were twice as likely to underreport total energy intake as male participants (Lindquist et al., 2000; Livingstone and Robson, 2000; Livingstone et al., 2004) . In the current setting, overestimation of total energy intake is of greater concern than underreporting, especially if the primary focus is on a specific macronutrient. Although carbohydrate estimates are not greatly skewed by overestimation, fat intake estimates can vary greatly from actual intake. This phenomenon was reduced using the photographic food records. Using the photographic food record method, we found that carbohydrate under-and overestimation were the same as the diet diary but fat overestimation was much less prevalent. The Spearman's correlation coefficients between the diet diary and the photographic food records for total energy, macronutrients, micronutrients and fiber reported herein are lower than those reported previously in an adult photographic food record study (Wang et al., 2002) . However, the participants in this adult study were all college-aged nutrition students who, due to their age and education level, would be expected to follow the study instructions more closely than a broad population of school-aged children and who, due to their specific nutrition training, would also be more capable of keeping an accurate food diary than our study population. The second adult study that employed photographic food records in adults observed a greater extent of underreporting than was observed in the current pediatric cohort (Kaczkowski et al., 2000) .
In conclusion, this study shows that photographic food records are suitable for the estimation of dietary intake in a general pediatric population. Participants and their parents prefer the photographic food record method to the traditional food diary method as it reduces the burden associated with keeping a food diary. In addition, photographic food records attenuate the misreporting of fat calories, which is of particular interest as this macronutrient has the greatest potential to skew dietary intake data in both adults and children. All templates were varied to account for individual subject food preferences. For example, 2% milk was substituted for whole milk for some subjects or beef/ham was substituted for turkey on sandwiches. Amounts for each item (in grams) varied from subject to subject within a diet template to account for daily energy needs. Thus, each diet was different from subject to subject even though each was developed from a template.
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